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Abstract—This paper provides an overview of a dynamic 
analysis carried out on the large-scale Queensland transmission 
system to determine the potential impact of the PowerformerTM 
on the voltage stability of this system. The unique aspects of the 
Powerformer and the impact of location and compensation 
scheme utilised on the time to collapse following a system 
contingency will be highlighted and discussed. 
 
Index Terms—Power System Modelling, Power System 
Planning, Power System Security, Long Term Dynamics, Voltage 
Stability, Voltage Collapse 
I.  INTRODUCTION 
OLTAGE stability and voltage collapse issues have in 
recent years begun to pose an undesirable threat to the 
operational security of power systems. Recent collapses, 
including the 1996 collapse of the western USA grid [1], have 
highlighted the importance of avoiding generator limiting in 
order to limit potential voltage instability. The particular 
importance of the stator current limitation and its contribution 
to the collapse of a system has also been highlighted [2]. The 
focus of this paper is a new type of generator, the 
PowerformerTM [3, 4], which connects directly to the high 
voltage bus and therefore controls this high side bus’s voltage 
directly. A single line comparison between this Powerformer 
and a conventional generator is highlighted in Figure 1 [5]. 
 
Figure 1 Single line comparison of conventional generator 
with Powerformer 
                                                          
This work has been supported by Australian Research Council S.P.I.R.T 
grant, in collaboration with industry partners. C. A. Aumuller (e-mail: 
craig.aumuller@jcu.edu.au) is with the School of Engineering at James Cook 
University, Townsville, Australia, 4811 and T. K. Saha (e-mail: 
saha@itee.uq.edu.au) is with the School of Information Technology and 
Electrical Engineering, University of Queensland, St Lucia, Australia, 4072. 
 
Potential system support benefits via high side voltage 
control methods have been highlighted in a number of texts 
[6, 7], reports [8, 9] and papers [10-13]. 
 
The Powerformer has the additional benefit of being able to 
maintain an overload in its stator windings for a longer period 
than a conventional generator. This means that Powerformer 
may provide reactive support for an extended period of time 
compared to a conventional generator. 
 
The benefits of this overload capability in improving 
voltage stability in the Nordic Test system have already been 
highlighted in a previous paper [14]. This paper will focus on 
the potential impact of the Powerformer on the much larger 
scale Queensland Transmission System [15]. 
II.  SIMULATION TOOLS 
In this paper the results of studies using the PSS/E dynamic 
simulation package from the Power Technologies 
Incorporated (PTI) Company are presented. The over-
excitation limiter, voltage compensation and tap changing 
models used in this study are the same as the models 
described in detail in [14]. The over-excitation models use 
reference [16] as a guide. 
III.  QUEENSLAND ELECTRICITY TRANSMISSION SYSTEM 
The Queensland power transmission system is a system that 
can be described appropriately as longitudinal. A long and 
thin grid system, it stretches over 1700 km in length, from the 
far north of the state of Queensland to the southern border 
with the state of New South Wales. The major load centres of 
this system are located considerable distances from the main 
sources of generation. Figure 2 provides a good illustration of 
this longitudinal structure. The forecasted energy growth in 
the state of Queensland is expected to be around 3.2% p.a. 
over the next ten years [15]. Subsequently, it is becoming 
increasingly important to be able to maintain secure operation 
and suitable voltage levels under a number of crucial system 
contingencies and to determine maximum capabilities for the 
transfers between different regions of this system. The large 
transmission distances involved in the Queensland system 
mean that voltage stability is one of the major factors 
influencing the transmission limits between the different 
regions of this system. 
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Figure 2 Diagram of Queensland Electricity System [15]
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In the Queensland System there are three major regions. 
The ‘Northern’ region contains mostly hydro generation and 
some load while the ‘Central’ region contains mostly thermal 
power generators and a significant percentage of the industrial 
load in the system. The ‘Southern’ region contains thermal 
power generators, some pumped storage hydro capacity and 
the bulk of the residential and industrial loads in the system. 
The majority of power flows in the system are from the 
Central region to the Southern region. 
 
The three main contingencies considered in this study are 
as follows. 
 
Case 1: A major transmission line number 2 between buses 
46180 (Tarong), in the southern region, and 46240 
(Calvale), in the Central region is tripped. Tarong 
generator number 2, in the southern region is tripped 
0.1 seconds later. 
 
Case 2: Transmission line number 2 between buses 46130 
(Ross) and 46350 (Strathmore), in the northern 
region is tripped. 
 
Case 3: Transmission line between 46200 (Broadsound) and 
46290 (Stanwell), in the central region is tripped. 
 
The locations of these contingencies in the Queensland 
system are illustrated in Figure 2. 
 
The power flows in the system model studied are loosely 
based on a typical summer loading of the system, which in 
Queensland is higher than the winter loading period. The 
loading in the Southern and Northern regions have been 
increased beyond the normal recommended base case in order 
to ensure that the contingencies studied lead to voltage 
instability problems. 
IV.  IMPACT OF POWERFORMER ON TIME TO COLLAPSE 
A.  Case 1 
Figure 3 illustrates the variation in voltage at 5 select buses 
in the Queensland system following a case 1 contingency. 
These select buses have been chosen because they are located 
in different, distinct regions of the Queensland system and are 
located on the high voltage 275kV backbone of this system as 
shown in Figure 2. Bus 46320 is located in the Northern 
region, bus 46110 is located in the border region between the 
Northern and Central regions, bus 46070 is located in the 
Central region and buses 46360 and 46030 are located in the 
Southern region of the Queensland system. 
 
As shown in Figure 3 a voltage collapse occurs in the 
southern region as a result of the case 1 contingency. This is 
indicated by the collapse in voltage at buses 46360 and 46030. 
 
Figure 3 Case 1 contingency, voltage variations at select 
buses 
The impact of the Powerformer on the time to collapse 
following this contingency has been investigated by the 
replacement of existing generators with the Powerformer. In 
order to replace an existing generator with the Powerformer 
for comparison purposes the step-up transformer impedance 
has been made small enough to be insignificant (less than 
1/1000 per-unit). The simulated increase in stator overload 
capability of the Powerformer compared to conventional 
generators has been facilitated by the reconfiguration the 
inverse time over-excitation curve utilised by the over-
excitation limiter model in the PSS/E simulation for the stator 
such that it follows the Powerformer curve, shown in Figure 4 
rather than the standard ANSI C50.13 curve. The plots in 
Figure 4 illustrate the permissible overload time for different 
values of current flow in the stator above rated for both 
conventional generators and the Powerformer. 
 
Figure 4 Comparisons between Conventional and 
Powerformer Armature Overload Capability Curves 
The advantage of using this replacement method is that 
because the Powerformer was identical in all respects to the 
conventional generator it was replacing, except for the 
improved stator current over-load capability, meaningful 
comparisons could be drawn. 
 
Fourteen select generation units, located in different 
regions of the Queensland System, have been chosen, for the 
purposes of the dynamic simulations, to be replaced with 
Powerformer. These Powerformer units have the same MW 
ratings of the corresponding conventional generator units. 
Powerformer generation voltage for each unit was rated at the 
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high voltage side rating of the conventional generator step up 
transformer. Detail ratings of these Powerformer units are 
shown in Table 1. These generators, chosen for replacement 
by Powerformer for the purposes of this study, were chosen 
because they were in geographically distinct regions of the 
system and because they were some of the oldest units in the 
system, and therefore candidates for replacement. The units 
chosen for replacement are as follows: 
 
• Tarong unit 1 – Southern region 
• Wivenhoe units 1 and 2 – Southern region 
• Swanbank B units 1,2,3 and 4 – Southern region 
• Gladstone units 5 and 6 – Central region 
• Kareeya units 4,5 and 6 – Northern region 
• Barron Gorge units 1 and 2 – Northern region 
Table 1: Detail ratings of Powerformer units connected for this study [15] 
Unit identity Power rating 
(MW)/unit 
Voltage 
rating 
( kV) 
Tarong unit 1 350 275 
Wivenhoe units 1 and 2 250 275 
Swanbank B units 1,2,3 and 4 120 275 
Gladstone units 5 and 6 275 132 
Kareeya units 4,5 and 6 18 132 
Barron Gorge units 1 and 2 30 132 
 
Figure 5 illustrates the impact the select Powerformer 
replacement locations have on the time to collapse (TTC) for 
the case 1 contingency. The voltage at bus 46030 has been 
chosen for illustration purposes as this voltage, amongst all of 
the other voltages observed for the contingency, displayed the 
greatest extent of the collapse. The southern Powerformer 
installations at Tarong 1, Wivenhoe 1 and Swanbank B 4 
provide the best improvement in TTC. The Tarong 1 
installation improves the TTC better than the Wivenhoe 1 
installation, which is in turn better than the Swanbank B 4 
installation. The Northern Powerformer installations at 
Kareeya, Barron Gorge and the central Powerformer 
installation at Gladstone have no clearly discernable impact 
on the time to collapse. This is reasonably easy to understand, 
as the extra reactive support available from the Powerformer 
will have a greater impact if the replaced unit is close to the 
region suffering from the collapse. The Northern and central 
region generators are located considerable distance from the 
southern region that suffers from the collapse. 
 
The impact of multiple unit installations on the time to 
collapse following this case 1 contingency was also 
investigated. The results of this investigation are shown in 
Figure 6. When multiple Powerformer units are installed at 
both Wivenhoe 1 and 2 and Swanbank B 1, 2 3 and 4 the TTC 
is improved significantly on the base case. When 
Powerformer units are installed at Tarong 1 and at Wivenhoe 
1 and 2 the collapse caused by the case 1 contingency is 
completely adverted. 
 
Figure 5 Case 1 contingency, bus 46030 variation for 
different Powerformer locations 
 
Figure 6 Case 1 contingency, bus 46030 variation for 
different multiple unit Powerformer locations 
B.  Case 2 
Figure 7 illustrates the variation in voltage following a case 
2 contingency for the select set of buses described in the case 
1 contingency study. A voltage collapse and subsequent 
transient instability incident occurs in the northern region, as 
indicated in Figure 7 by the collapse and subsequent 
uncontrolled oscillations of the bus voltages at buses 46320 
and 46110. 
 
Figure 7 Case 2 contingency, voltage variations at select 
buses 
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Note from Figure 7 that while the oscillations are growing 
in magnitude the voltage collapse continues as illustrated by 
the fact that the minimum point of the oscillation decreases 
quicker that the magnitude of the oscillation would allow. 
 
It has been illustrated in a separate paper that long-term 
voltage instability and transient instability phenomena are, in 
general, interrelated and therefore not completely independent 
of each other [17]. Decaying voltages and the subsequent 
hyper-excitation of generators lead to transient oscillatory 
instability because of insufficient damping torque. 
 
Figure 8 illustrates the impact that the select Powerformer 
replacement locations, as described in the case 1 contingency 
study have on the time to collapse (TTC) and subsequent 
transient instability following this case 2 contingency. The 
Wivenhoe 1, Swanbank B 4 and Gladstone 5 installations 
have no discernable impact on the time to collapse and 
instability. Once again, as with the case 1 contingency, it is 
clear to see that if the units providing extra reactive support 
are considerable distance from the region that suffers from 
voltage instability problems the level of support is not as 
significant. The Kareeya 4 installation in the Northern region 
improves the instability problem the best but the problem is, 
in fact, slightly worse when the Barron Gorge unit 1, also in 
the Northern region is replaced with a Powerformer. 
 
 
Figure 8 Case 2 contingency, bus 46320 variation for 
different Powerformer locations 
 
In order to rectify this situation, where the Powerformer 
replacement at Barron Gorge makes the stability worse, 
voltage compensation was tested to determine if the problem 
could be improved. It has been shown in [17] that in this 
Northern region of the system it is sometimes preferable to let 
the control of the system voltage be less stringent, via the use 
of voltage compensation. This addition of voltage 
compensation to the system has the effect of improving the 
time to collapse following this case 2 contingency. 
 
Compensation was subsequently added to the Barron Gorge 
Powerformer unit. A compensation amount equal to the 
original generator’s transformer reactance was used, 
effectively placing the control point of the unit behind its 
terminals. The time to collapse and subsequent oscillatory 
instability found was similar to the base case. While this 
means that the Powerformer does not improve the voltage 
instability problem it is important to note that it does not make 
it worse. 
 
In reference [17] the stabiliser signal for the Kareeya unit 4 
generator was observed, in order to illustrate how the limiting 
of this signal corresponded to the loss of system control. 
Stabiliser signals were again observed in this study to help 
understand how the selective choice of the control point for 
the Barron Gorge Unit 1, through compensation, can alter the 
time the system takes to suffer from transient oscillatory 
instability. For this case 2 contingency the stabiliser signals 
for the both the Kareeya units and for the Barron Gorge units 
were observed. Three cases were considered; the base case 
with no Powerformer units installed, the case with a 
Powerformer installed at Barron Gorge unit 1, and the case 
where compensation equal to the original generator’s 
transformer reactance is added to the installed Powerformer 
unit. 
 
The most important outcome determined from observations 
of the stabiliser signals was that the stabiliser signal swung 
more wildly and became limited sooner when the 
Powerformer is installed but no compensation was applied. In 
[17] it was illustrated that having more stringent control over 
the system voltages leads the Northern Generators to be more 
heavily overexcited and that this diminishes the ability of the 
stabiliser to dampen out system oscillations. The installation 
of the Powerformer at Barron Gorge means the buffer 
provided by the step-up transformer no longer exists and the 
system bus voltage is directly controlled. This means that, by 
default, the system voltage is more stringently controlled. 
Having a slightly less stringent control over the system 
voltage, via compensation means that Northern generators 
are, firstly less sensitive to oscillation because they are 
buffered from the rest of the system by the compensation 
reactance, and secondly they are less overexcited and the 
stabiliser is able to provide more damping ability. 
 
It has been found in this study that if all the conventional 
units 4, 5 and 6 at Kareeya are all replaced with Powerformer, 
the collapse and subsequent instability problem is completely 
adverted following a case 2 type contingency. This was 
determined by simulating the system for 600 seconds beyond 
the time of contingency occurrence. At this time neither 
voltage collapse nor oscillatory instability was observed. The 
excitation levels for these Kareeya units were observed to 
settle to relatively low values compared to the base case 
values. The system disturbance due to a transformer tap 
operation was reduced and the stabiliser signal appeared to 
have sufficient damping torque capable of reducing the 
oscillations at this lower excitation level. Installing 
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Powerformer at all three Kareeya Units insured that enough 
additional reactive power was available in the northern region 
to insure that voltage collapse did not occur and therefore the 
excitation levels required never got high enough that the 
stabiliser signals were inadequate to dampen system 
oscillations.  
C.  Case 3 
Figure 9 illustrates the variation in voltage following a case 
3 contingency for the system buses described in the case 1 
contingency study. A voltage collapse and subsequent 
transient instability incident occurs in the northern region, and 
in the border region between the Northern and Central regions 
as indicated in Figure 9 by the collapse and subsequent 
uncontrolled oscillations of the bus voltages at buses 46320 
and 46110 and the small collapse observed in the voltage at 
bus 46070 in the Central region. Figure 9 shows that at some 
time shortly after the 20 seconds mark the voltage at bus 
46320 appears to drop. The cause of this was found to be the 
tripping by an out of step relay of the 55MW Barcaldine Unit. 
The loss of synchronism of this unit and its impact on the 
system, like its size in comparison to the system capacity, is 
relatively small and once the unit is tripped the system settles 
out fairly quickly to a slightly lower value. 
 
 
Figure 9 Case 3 contingency, voltage variations at select 
buses 
Just as with the case 2 contingency, observations of the 
Northern generators indicated that the high level of excitation 
resulting from the voltage collapse and inability of the 
stabiliser to provide sufficient damping torque lead the system 
to lose control and become oscillatory instable [17]. 
 
Figure 10 illustrates the impact that the select Powerformer 
replacement locations, as described in the case 1 contingency 
study have on the time to collapse (TTC) and subsequent 
transient instability. The Wivenhoe 1 and Swanbank B 4 and 
installations, considerable distance from the region that 
suffers from voltage instability, have no discernable impact on 
the time to collapse and instability. The Gladstone 5 
installation in the Central region improves the instability 
problem the best but the problem is, in fact, worse when the 
local Northern generators Barron Gorge unit 1 and when 
Kareeya unit 4 are replaced with a Powerformer. 
 
 
Figure 10 Case 3 contingency, bus 46320 variation for 
different Powerformer locations 
As compensation appeared to rectify the case 2 contingency 
problem so that it was no worse than the base case and 
because the cause of this contingency’s oscillatory instability 
appears to be similar, different values of compensation were 
tested when the conventional unit at Kareeya 4 was replaced 
with Powerformer. The instability problem gets worse if the 
controlled point is at, or beyond the terminals but can be 
improved beyond the base case if the compensation is similar 
to the original transformer impedance. 
 
The effect of multiple Powerformer unit installations at 
Kareeya, considered in the previous case 2 contingency 
studies, was a particular focus for these case 3 contingency 
studies. The transient oscillations observed in the system 
actually become uncontrollable sooner when all three Kareeya 
units 4, 5 and 6 are Powerformer units and the controlled 
points are similar to the original transformer reactance (0.38 
per-unit). In this situation having the voltage compensation all 
so many units so high and subsequently having the generators 
well buffered from the system means that that they cannot 
adequately control the system oscillations either. This 
problem is fixed and the TTC is in fact improved if 
compensation for the units is a little less inside the terminals 
(0.1per-unit). 
 
It has also been found that the negative impact of installing 
Powerformer at one or multiple units at the Barron Gorge 
Power station can be fixed and in fact improved on the base 
case by applying compensation. 
 
As already shown in Figure 10 the Gladstone installation 
provides the best TTC. If multiple units are installed at 
Gladstone 5 and 6 the TTC is improved slightly on the single 
installation. The TTC can be further improved if both 
Powerformer units are compensated such that they control 
points outside the terminals (0.5 per-unit). Controlling a point 
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outside the terminals will keep the voltages post contingency 
higher. This will put a greater strain on the Gladstone 
generators but should reduce the strain on the Northern 
generators such that they are less over-excited and maintain 
control for a longer period. 
V.  CONCLUSIONS 
In this paper the unique aspects of the Powerformer, from a 
system voltage stability perspective, have been highlighted. 
Most importantly the stator overload capability of the 
Powerformer has been examined. The impact of location of 
the Powerformer and its additional over-load capability and 
the impact of the compensation scheme chosen for the 
Powerformer has also been discussed. In this analysis it has 
been shown how the additional stator over-load capability of 
the Powerformer can have a beneficial impact of the time to 
collapse. In some cases voltage instability could be 
completely adverted. It has been shown that in the case of 
certain system contingencies in the Queensland test system, 
when installing Powerformer units, it was preferable to let to 
control of the system voltage be less stringent, via the use of 
compensation. The value of compensation chosen was also 
shown to be of importance if multiple units were installed. 
The compensation must be high enough to reduce excitation, 
so that damping torque does not become inadequate, but not 
be so high that the units in question are unable to adequately 
control the system voltages either. 
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